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A. ABSTRACT
This portfolio has been developed for Biochemistry II: Metabolism and Biological Information (BIOC/BIOS/CHEM
432/832). This course is taken primarily by senior undergraduates with majors mainly in biochemistry. The
objectives of this course portfolio are: 1) to provide a broad overview for this 400 level class; 2) to revise/refine
the course using a backward design approach with clear student learning objectives; 3) to assess and reflect the
instructor’s teaching approach; and 4) to analyze and reflect on student learning. The course structure was
redesigned with three modules to support the learning objectives of this course. Course activities for each module
include pre-class homework, in-class iClicker questions and case studies, one post-class problem set, and one
examination. Data analysis revealed that these course activities and assessments promote student learning. While
the majority of students found the course contents and assessments (examinations in particular) very challenging,
more than 50% of students reported that this course increased their interests in biochemistry. As reflected by the
course evaluation implemented by UNL, students had a great semester in this class. The instructor will continue
to improve his teaching mainly focusing on: 1) increasing students’ interest in biochemistry by providing case
studies and problem sets; and 2) promoting students’ active learning by increasing student-centered teaching in
the coming years.

Keywords: Biochemistry, active learning, problem-based teaching.

B. OBJECTIVES of PEER REVIEW COURSE PORTFOLIO
I have taught BIOC/BIOS/CHEM 432/832 during every fall semester since 2017. In the rest of this portfolio, I refer
to BIOC/BIOS/CHEM 432/832 as BIOC432. I always strive to improve as an instructor. There are several questions
that I have asked about this course. 1) What concepts / knowledge are important for students? 2) How do I teach
biochemistry in a manner to make students interested in the course and keep students engaged? 3) How do I
minimize the academic stress for students but continue to hold high standards? 4) How do I align student learning
with teaching goals and assessments? 5) How do I treat all students respectfully and equally? 6) How do I create
a better learning environment for all students? I cannot answer all of these questions by participating in the FIRST
Project and writing this portfolio. However, I want to accomplish the following key goals by creating the
benchmark portfolio for my BIOC432 course.
1) Think more systematically about my course and teaching methods;
2) Learn how to use the framework provided by Bloom’s Taxonomies of learning to define S.M.A.R.T. student
learning objectives;
3) Establish curricular priorities using four criteria (big idea, heart of the discipline, require uncoverage, and
engaging students);
4) Design my course using backward design in a way so that the teaching goals align with student learning
objectives and assessments;
5) To improve instructional methods;
6) To improve the assessment of student learning;
7) Communicate with my peers about how to effectively teach biochemistry.
C. DESCRIPTION OF THE COURSE
1. Course goals
Biochemistry is about the chemistry of various biological systems. It is found at the junction of biology, chemistry,
genetics, physics, and medicine. By studying Biochemistry II, specifically Metabolism and Biological Information
(BIOC432), students continue to learn about the fundamental principles that control the behavior and functions
of common biomolecules inside and outside living cells. It examines several important themes, including: 1) the
anabolic metabolism of biomolecules such as fatty acids, amino acids, nucleotides, their polymers, and how
bioenergy is extracted from biomolecules of food sources for storage and utilization; 2) the major structural and
biochemical aspects of biological information flow, how genetic information stored in DNA orchestrates the
functions of cells through the processes of transcription and translation, and the use of related knowledge in
biotechnology; and 3) the discussion of environmental inputs affecting biochemical outputs. These topics help
students understand the natural world, such as, how plants produce nutrients and fresh air, how food is broken
down in human bodies to power metabolism and maintain homeostasis, how bacteria thrive in and spoil leftover
food, how genes determine the color of a dog’s hair, and how diseases arise when a human body’s systems are
impaired. BIOC432 is cross-listed with BIOC832, BIOS432, CHEM432, CHEM832, and BIOS832. There are about 50
students taking this class every fall semester. Most of the students are seniors (83%), with the rest being juniors
(7%) and a few graduates (10%) (Table 1 below). Among undergraduates, 94% are a biochemistry major. The rest
of either a biological science major or a chemistry major.
At UNL, students can earn a degree in biochemistry either through the College of Agricultural Sciences and Natural
Resources (CASNR) or the College of Arts and Sciences (CAS). The learning outcomes of biochemistry are identical;
they are: 1) Apply the basic principles of the physical sciences to the study of biological systems in order to explain
how organisms consume and convert energy to enable the processes of life; 2) Attribute the functions and

regulation of biomolecules to specific macromolecular structures through the use of quantitative and analytical
computational techniques; 3) Explain the flow of information through biological systems and predict the impact
of environmental or biological variables on system outputs; and 4) Analyze, interpret, critique, and communicate
data
and
ideas
concerning
topics
at
the
forefront
of
biochemistry
(see
https://catalog.unl.edu/undergraduate/agricultural-sciences-natural-resources/biochemistry/).
Table 1
Year
Graduate (%)

2017

2018

2019

2020

2021

Average

18

17

2

4

9

10

Junior undergrad (%)

6

8

7

6

7

7

Senior undergrad (%)

76

75

91

90

84

83

BIOC major undergrad (%)

98

98

95

86

90

93

No. of students

49

59

38

50

43

49

The course goals of BIOC432 are to: 1) understand the role of life at atomic, molecular, and cellular levels; 2)
Study the structure and function of biomolecules, their metabolism, and related techniques; 3) Learn and
demonstrate how diseases arise when biochemistry-related homeostasis and functions are impaired; 4) Study and
explain how genetic information and environmental factors determine a cell’s functions; 5) Analyze, interpret,
critique, and communicate data, ideas, and scientific policy concerning topics at the forefront of biochemistry. I
emphasize core concepts and actively incorporate teamwork, problem solving and project management skills into
my teaching. This lecture course involves the active participation of students and allows for a greater long-term
retention of the material.
2. Student learning objectives
2.1. Module 1: Structure, function, biosynthesis, and metabolism of biomolecules
Section 1: Fatty acids and lipids
1)
Memorize the nomenclature of fatty acids and triacylglycerol
2)
Summarize and compare different forms of energy storage
3)
Describe the key enzymes and main steps in the biosynthesis of fatty acids and triacylglycerol
4)
Analyze the regulation of the synthesis of fatty acids and lipids
5)
Analyze ketone body metabolism (the synthesis and breakdown of ketone bodies)
6)
Relate fatty acid derivatives with the inhibition of inflammation
7)
Memorize the main functions of cholesterol
8)
Describe the key enzymes and main steps in cholesterol synthesis
9)
Familiarize with the chemical mechanisms of carbon bond formation in lipid synthesis
10) Analyze and evaluate the role of lipoprotein, cholesterol transport, and homeostasis in
cardiovascular disease
Section 2: Amino acids
11) Describe nitrogen cycle, nitrogen fixation and assimilation, and the key enzymes involved
12) Memorize essential amino acids
13) Explain herbicide in agriculture by inhibiting the synthesis of aromatic amino acids
14) Memorize amino acid-derived molecules and their associated amino acids
15) Understand and compare the mechanisms and differences of jaundice in infants and adults
Section 3: Nucleotides and nucleic acids
16) Memorize the structure and nomenclature of nucleotides
17) Memorize the structure of DNA

18)
19)
20)
21)
22)

Demonstrate that DNA carries genetic information
Memorize the overview of nucleotide metabolism, purine biosynthesis, and pyrimidine
biosynthesis
Understand the molecular basis of nucleotide metabolism in human diseases
Memorize the key enzymes in deoxyribonucleotide synthesis
Explain the inhibition of thymidylate synthesis in anticancer medication

2.2. Module 2: The flow of genetic information
Section 1: DNA replication
1)
Memorize the general rules of DNA replication
2)
Memorize key enzymes involved in the DNA replication of prokaryotes
3)
Explain the nucleotide polymerization reaction catalyzed by DNA polymerase
4)
Understand the problem associated with the DNA replication of linear chromosome and
describe the functions of telomere and telomerase
5)
Memorize the common causes, types, and repair mechanisms of DNA damage
6)
Explain methods in nucleic acid biochemistry including DNA/RNA sequencing, polymerase chain
reactions, and recombinant DNA technology
7)
Apply acquired knowledge to analyze and solve real-world related problems
Section 2: Transcription
8)
Learn the roles of RNA polymerase and promoter, the general principles and major steps of
transcription, and the techniques to study protein-DNA interaction
9)
Describe two types of transcription termination in prokaryotes
10) Memorize the functions of different types of RNA molecules
11) Describe what long noncoding RNAs are and provide examples of them and their functions
12) Understand what ribozymes are
13) Understand different types of RNA processing in eukaryotes and their associated biochemical
mechanisms
14) Be familiar with the order of events during mRNA decay
15) Compare the biogenesis and functions of siRNA and microRNA
16) Understand CRISPR/Cas9 technology and explain its applications
Section3: Translation
17) Learn about how the knowledge about protein synthesis was discovered
18) Describe the major steps in protein synthesis
19) Learn about the key factors (ribosome, tRNA, mRNA/genetic code) in protein synthesis
20) Understand both how genetic code was deciphered and the features of genetic code
21) Learn about the wobble hypothesis, codon-anticodon interaction, and aminoacyl-tRNA
synthetase
22) Learn about how protein synthesis is initiated in prokaryotes
23) Learn what peptidyl transferase is, describe the functions of peptidyl transferase, and describe
the reaction it catalyzes
24) Describe how protein synthesis is terminated in prokaryotes
25) Be familiar with protein posttranslational modification and sorting
26) Understand and explain the mechanisms of ubiquitination and protein degradation
27) Discuss how to design an experiment to answer a specific question by using the mechanism
through which puromycin inhibits protein synthesis

28)

Why it is important to learn protein synthesis (antibiotics; expanding genetic code; incorporate
unnatural amino acids into proteins)

2.3. Module 3: Environmental and biological regulations of biochemical output and metabolism
Section1: gene regulation
1)
Learn about genes and chromosomes
2)
Learn about the computational science involved in studying gene functions
3)
Understand general principles of and techniques to study gene regulation
4)
Learn about DNA-protein interactions in the regulation of gene expression
5)
Learn about chromatin modifications in the gene regulation in eukaryotes
6)
Learn both about stem cells and induced pluripotent stem cells (iPS)
7)
Apply and analyze examples of prokaryotic gene regulation
Section2: signaling transduction
8)
Learn about the components of signaling pathways
9)
Understand and explain both G protein-coupled receptor signaling and receptor tyrosine kinase
signaling
10) Familiarize with nuclear receptor signaling, tumor necrosis signaling, and cell cycle regulation
Section3: metabolic integration
11) Memorize the roles of key organs involved in the process of metabolism
12) Understand and explain metabolism at the organism level
13) Understand the regulation and integration of metabolic pathways under different physiological ,
pathological, or environmental conditions
14) Predict biochemical outputs and metabolic interconversions
D. TEACHING METHODS, COURSE MATERIALS AND ACTIVITIES
1. Course materials
The main textbook that I use in my class is Biochemistry by Roger L Miesfeld and Megan M McEvoy, second edition.
When I prepare PowerPoint slides, I often incorporate some contents from the textbook Lehninger Principles of
Biochemistry, 7th Edition, Molecular Cell Biology by Harvey Lodish et al., 8th edition and/or research/review
articles for some lectures. I make my PowerPoint presentations available to students on Canvas usually in the
week before we meet. I spend a lot of time preparing lectures. I really want to teach every lecture extremely well,
particularly the first and last lectures. I try my best to make the course interesting. I want to tell stories as I deliver
biochemical knowledge. My first lecture includes the following parts that are modified from an education article
[1].
1)
2)
3)
4)

A brief welcome and introduction about the teaching assistants and the instructor;
Ask several students about their opinions on biochemistry;
Discuss what biochemistry is and why it is important;
Play two videos about biochemistry. The first one is about either cystic fibrosis or progeria (e.g.,
https://www.youtube.com/watch?v=F8-Xg8sO5AM). The second video is titled “The Inner Life of the Cell”
created by Harvard University. Alternatively, I can play a video about a transgenic plant that glows in the
dark;
5) Briefly introduce the recent and most significant biochemistry-related advances made by Nobel Laureates
or other scientists;
6) Introduce a biochemistry-related molecule or breakthrough of the year;
7) Discuss the syllabus, emphasize class disciplines, and introduce the grading policy;

8) Briefly review key concepts learned in BIOC431, for example, the citric acid cycle or metabolism;
9) I provide the informed consent form to students for a signature to allow the instructor using the courserelated data in this benchmark portfolio as the instructor participated in the FIRST project.
I record all lectures and make them available to students on Canvas. This is helpful for students to review lectures,
particularly for students who don’t attend in-person lectures. I also post all other reading assignments on Canvas.
Occasionally, I use non-scholarly articles, news, and podcasts in my class. This helps students understand the world
around them. I want to convince students that biochemistry is important and commonly used in our daily life.
2. Course activities and methods
Lecture is the primary teaching method in my class. Students need to complete a pre-class homework for each
lecture before we meet in class. Each pre-class homework contains one to three multiple choice questions on
Canvas. The main purpose is to encourage students to preview the related PowerPoint slides for each lecture. To
engage student learning, I implement iClicker questions in my class. These iClicker questions are often given to
poll students after a key concept is introduced. After students submit their answers, I will immediately know if I
have explained the concept clearly enough. I can reinforce the point and explain it in a different way. I want to
ensure that students are paying attention to the lecture and understand the material being covered. I definitely
want to try Slido as a way to poll students in the future. This will also give quick responses to questions. When I
present iClicker questions, I encourage students to use think-pair-share in class. I ask students to do the same
questions again after the think-pair-share activity when the accuracy is lower than 70% on the first attempt. To
survey whether my lecture is effective or not, I also ask students to do some iClicker questions in class before my
lecture (this is different from pre-class homework) and ask students to answer the same questions after lecture.
In addition to pre-class homework, students in my class have three post-class homework assignments. Since we
have three modules in class, I give them three problem sets that need to be completed at the end of each module.
The first problem set is about lipid metabolism. The second one is about the flow of genetic information and the
application of new technology such as CRISPR/Cas9 in treating human disease. The third one is about gene and
environment interaction and how environmental stimuli change gene expression. I will consider other course
activities outside of class such as contests for biochemical knowledge, celebrations for the birthday of important
discoveries, or education about AIDS on December 1st of each year. I want to increase students’ interest in
biochemistry. However, I don’t plan to assess these activities.
I give three examinations including a final. Each copy of the exam has three components: the exam, an answer
sheet for multiple choice questions, and an answer sheet for short answer questions. A week after each
examination, TAs and I have graded all the exams and the grades are posted on Canvas. I want to know what
questions were missed by many students. I pay special attention to students who are struggling. I want to give
these students tips and guidelines on how to study a specific topic that was especially difficult for them. I
encourage these students to discuss it, expecting them to become more diligent and self-motivated. I let them
know that I want to help them as long as they want to learn. I also encourage students who are in the top 5% to
give suggestions to students who fall behind in my class. For those students who fall behind in the class, they have
the opportunity to write up to three essays to make up three exams. Three essays need to be biochemical topicrelated and to be a Word or PDF document in 12-point Times New Roman or Arial fonts with single spacing and a
0.75 inch margin. These essays allow some students to get a final grade “C” if they have the attitude to learn and
complete all the assignments, including the three exams. As indicated in my syllabus, I will go over the exam in
class six days after the date of the exam. When I do that, I emphasize key concepts to promote concept retention
in my students. I also provide the opportunity for students who want to meet in person to go over the exam.
Finally, we have three surveys for my students. The first survey contains ten questions asking about the students’
interest in biochemistry, the students’ feedback about course materials, teaching methods, and the instructor

(myself). The second survey is about course materials, teaching methods, and the instructor (myself) related to
the second module of the course. The results of the first survey is partially discussed below in this portfolio (see
XXX). Lastly, students are provided the opportunity to complete an end-of-term course evaluation provided by
UNL.
3. Rationale for teaching methods
Learning biochemistry is difficult for students, so teaching it is difficult for instructors. There are about 50 students
in my class. I use lectures during class which allow me to deliver information and knowledge, while interacting
with my students effectively and efficiently at the same time. Biochemistry is such a knowledge-rich course with
an ever-continuing increase in breadth and depth. Students need to memorize many basics of biochemistry before
they can do higher-order thinking. Thus, I believe that a well-designed lecture is the best primary teaching method
for biochemistry.
It is important how I design my lecture. A key point that I consider is making sure students are actively learning
during my lecture. One way to do that is to implement iClicker in my class. It gives me immediate feedback from
my students and helps me know if my students understand the concepts that I am teaching. Importantly, iClicker
technology allows students to answer questions anonymously, thereby facilitating learning without
embarrassment. I advocate for and implement problem-based methods in my lecture. This can attract students
to participate in the classroom and provide opportunities for students to think along with the pace of my lecture.
I incorporate case studies in my lecture. This enables for more problem-based learning, which promotes active
learning. Moreover, it establishes the important connection between biochemical knowledge and real-world
problems.
Though I provide in-person teaching for my class, online courses/teaching is also very helpful and complement
well with in-person teaching. I record my lectures and upload short videos on Canvas. These short videos are
concept-driven. The approach has been used to teach biochemistry and genetics to students[2]. Authors have
found that this teaching approach offers some advantages over more traditional teaching pedagogies. For
example, a study has shown that it improves students’ satisfaction and engagement in the course materials[3].
Studies also found that “students who have positive, meaningful interactions with the content develop their own
learning processes, resulting in improved self-regulation and long-term retention”[4, 5]. In terms of improving
myself as an instructor, I will acknowledge the students’ definition of a great instructor.
To provide opportunities for students to learn knowledge at the forefront of biochemistry, I incorporate the latest
research findings from my groups or other groups into my lectures. In addition, I also encourage students to read
primary literature. Two full-text research articles are uploaded on Canvas at the beginning of the semester. I
include a bonus question related to each of the research articles in two exams. The research articles are related
to biochemistry and expand the boundaries of students’ biochemical knowledge. In addition, I want students to
develop the ability to assess primary papers critically. There are three post-class assignments that students will
need to complete outside of the classroom. These three assignments are three problem sets. I incorporate realworld problem solving into my problem sets. I expect to motivate students to learn the subject topics. I have also
reserved two hours for face to face discussion in my office after every lecture. The one-to-one sessions help
students who can learn actively in this way. Students are encouraged to read at least two primary research articles.
I plan to implement discussion board posts in my class in the future. For example, the topic of a discussion board
post can be news titled “Bayer to end glyphosate sales to US consumers” published on C&EN Digest Newsletter.
In summary, these blended-teaching strategies are important for me to reach the course’s goals and for students
to achieve student learning objectives. These blended teaching methods will provide my students with a conceptdriven, interesting, active, and applicable learning experience.

4. Link to Broader Curriculum
The prerequisite courses for this course are BIOC 431/831 (Biochemistry I: Structure and Metabolism) and
BIOS206 (General Genetics)/ or AGRO215 (Genetics). This course is a prerequisite for BIOC 435 (Advanced Topics
in Biochemistry) in the undergraduate biochemistry program. BIOC431 is a course covering the structure,
functions, catabolism, and biochemical energy production of macro-biomolecules. BIOC435 is a course covering
the application of general biochemistry knowledge to current topics in the life sciences and literature research
seminars. I requested the syllabi of the prerequisite courses and spoke with the instructors to know the course
goals and student learning objectives. I want to make sure that the program’s core courses have consistent course
goals. For some key concepts that have been emphasized in BIOC431, such as concepts of macromolecular
structure and function, I spend relatively less time explaining.
E. ANALYSIS OF STUDENT LEARNING

No. of students

There are 43 students in my BIOC432 class this semester. Among them, three are juniors, four are graduates, and
the other 36 students are seniors. As a participant of the FIRST Project, I requested the consent of my students to
allow me to include their classroom performance data and coursework as part of my teaching inquiry. Six students
didn’t respond to the request; five students didn’t allow me to include their classroom performance data in my
classroom inquiry; and thirty-two students allowed me to do so (Fig.1). Four students wanted their names to be
mentioned; they are Colby Pflueger, Amr Sobeh, Meghna Sur, and Andrew Tran. In the rest of the portfolio, data
are from thirty-two students.
A B C D
X

X

I allow my classroom performance data to be included in the inquiry

X

X

I allow copies of my coursework to be included in the inquiry
I decline to have my name remain on any work that is included

X

I want my name to remain on any course work that is included

X

I do not allow my classroom performance data to be included in the inquiry

X
X

No response

Fig.1 Consent form. One student withdrew from the class who got “C” in the past.
The two main purposes of this inquiry are to improve my teaching to: 1) increase students’ interest in
biochemistry; and 2) promote students’ active learning. To do that, I redesigned this course using the backward
design approach. As described in the previous sections of this Benchmark Portfolio, students in my class have
different types of assignments; these include pre-class homework, in-class iClicker questions, three post-class
problem sets, three exams, and two surveys. Here, I discuss several pieces of data from my classroom inquiry.
I performed a survey (due Sept 29th) and asked students the following questions (Q):
1) Q1: This class has increased my interest in this field of study;
2) Q2: This course was very challenging for me;
3) Q3: This course helped me develop intellectual skills (e.g., critical or creative thinking, problem solving, etc.);
4) Q4: The first exam was very challenging for me;
5) Q5: What was most helpful to your learning during lectures 1 to 7?
6) Q6: Do you have any specific recommendations for improving the teaching methods? If yes, what are they?
7) Q7: Do you have any specific recommendations for improving the course materials? If yes, what are they?
8) Q8: Do you have any specific recommendations for improving any other aspects of the course? If yes, what
are they?
9) Q9: How many hours per week did you spend studying for this course?
10) Q10: Across the seven days before an exam, how many hours did you spend preparing for it?

The student analysis for Q1 to Q4 is shown in Fig.2. For Q1, 6% students strongly agreed, 47% agree, 41% neutral,

A Q1: This class has increased my interest in this field

B Q2:

This course wass very challenging for me

of study

C

D
Q3:

This course helped me develop intellectual skills
(e.g., critical or creative thinking, problem solving, etc.)

Q4:

The first exam was very challenging for me

Fig.2. Data from the first survey for questions Q1 to Q4.
6% disagree, and 0% strongly disagree, respectively (Fig.2A). For Q2, 59% students strongly agreed, 31% agree,
9% neutral, 0% disagree, and 0% strongly disagree, respectively (Fig.2B). For Q3, 6% students strongly agreed, 75%
agree, 9% neutral, 9% disagree, and 0% strongly disagree, respectively (Fig.2C). Lastly, for Q4, 59% students
strongly agreed, 26% agree, 9% neutral, 0% disagree, and 0% strongly disagree, respectively (Fig.2D).
Students in my class were assigned pre-class homework for 20 lectures. These pre-class homework assignments
(total 14 points) were designed to encourage students to review the PowerPoint slides and topics for the related
lecture before we discussed them in class. The average was 10.2 points out of 14 total points for all pre-class
homework assignments. I looked for correlations between the scores of pre-class homework and exams (Fig.3).
Interestingly, the scores of pre-class
A
B
Correlation (12/18/2021)
homework for module I positively
correlated with the scores of exam 1
R=0.4795
R=0.5061
p<0.0001
p<0.0001
(Fig.3A). The scores of all pre-class
homework also positively correlated with
the scores of all exams (Fig.3B). Did preclass homework promote learning?
Further inquiry is needed to answer the
question, such as, examining whether preclass homework improved the retention of
Fig.3. Correlations of the scores of pre-class homework with the scores
knowledge and the understanding of key
of exams.
concepts. Since I found that the points of
pre-class homework also correlated positively with the correctness of in-class iClicker questions (data not shown),
it suggests that pre-class homework likely promoted students’ active learning.

In this semester, students in my class had 33 in-class iClicker questions for 23 lectures. I compared the correctness
of seven iClicker questions between pre-discussion and post-discussion, as well as pre-class and post-class (Fig.4).
For a question, if the correctness was lower than 70% in the class, students briefly discussed and answered the
question again. I thought 70% is a
A
B
Fig. 4. In-class iClicker
reasonable
threshold,
which
questions promote learning.
encourages students to answer
A, Pre-discussion and postiClicker questions. Among all the 33
discussion iClicker questions
iClicker questions, the correctness of
(n=7), Mean ± SD, p<0.0001.
seven questions was lower than 70%
B, Pre-class and post-class
iClicker questions (n=7), Mean
(Fig.4A), which were significantly
± SD, p=0.0038.
improved to 84% on the second
Two-tailed student t test.
attempt after a brief discussion with
other students or with some
additional information from me.
Moreover, I intended to provide seven pre-class iClicker questions to my students. Each question was asked both
before and after classroom lectures (Fig.4B). My classroom lectures significantly improved the correctness from
39%, when asked before class to 76%, when asked after class (Fig.4B). In-class iClicker questions provide active
learning opportunities to students. The question is: did in-class iClicker questions promote learning? Further
inquiry is needed to answer the question. Unfortunately, I did not design any experiments to examine whether inclass iClicker questions can improve the retention of knowledge and the understanding of key concepts.

Exams 1+2 (points)

Exams 1+2 (points)

Exams 1+2 (points)

All exams (points)

All exams (points)

All exams (points)

I looked for correlations between the scores of exams, problem sets, iClicker questions, and all homework,
respectively
Correlation (12/12/2021)
Correlation (12/12/2021)
Correlation (12/12/2021)
(Fig.5). As shown
200 R=0.4845
200 R=0.6144
200 R=0.4444
in Fig.5, the scores
p<0.0001
p<0.0001
p<0.0001
of exams (exams 1,
150
150
150
and 2, or all
100
100
100
exams) positively
50
50
50
correlated
with
0
0
0
any
other
0 10 20 30 40
0
10
20
30
0
5
10
15
20
25
variables such as
All homework (points)
All problem sets (points)
All iClicker questions (points)
the points of
problem sets, all
Correlation (12/18/2021)
Correlation (12/18/2021)
Correlation (12/18/2021)
homework,
all
300 R=0.6030
300 R=0.6097
300 R=0.4270
problem sets, and
p<0.0001
p<0.0001
p<0.0001
all
iClicker
200
200
200
questions from the
entire semester.
100
100
100
All
homework
0
0
0
includes pre-class
0 10 20 30 40
0
10 20 30
0 5 10 15 20 25
homework
and
All homework (points)
All problem sets (points)
All iClicker questions (points)
problem sets. The
Fig.5. Correlations of the scores of exams with that of all problem sets, all iClicker questions, or all
data suggests that
homework.
any student who
was doing well on exams was more likely to do better on pre-class homework assignments, post-class homework
assignments (problem sets), and in-class iClicker questions. These positive correlations are still valid when the
data from the final exam was included in the analysis. The data in Figs. 4 and 5 raise several interesting questions:

does pre-class homework, in-class iClicker questions, or post-class problem sets help student learning? Does the
self-motivation of learning play a very important role in this correlation? You can also see that the scores per exam
were widely distributed between about 20 and
All Exams 1+2+3
Exams 1+2
100. It is likely that about 20% of the class just
didn’t have any interest in biochemistry, so likely
spent less time previewing the lectures before
class, had low attendance, and didn’t spend
enough time to complete problem sets and to
prepare for exams. I calculated the exam averages
of all students and split them into different groups
based on the respective response of each student
Q1: this class has increased my interest in this field of study.
Two students strongly agreed (A), 15 agree (B), 13 neither
to the question Q1: this class has increased my
agree nor disagree (C), 2 disagree (D), and 0 strongly disagree.
interest in this field of study. Two students
strongly agreed (A), 15 agreed (B), 13 neither Fig.6. Average scores of exams based on their responses to Q1
whether this class increases their interest in biochemistry. Sample
agreed nor disagreed (C), 2 disagreed (D), and 0 sizes were shown on the top of bars, mean ± SEM.
strongly disagreed, respectively, as shown in
Fig.2A. Scores of exams 1 and 2 or all exams were plotted as a function of these groups (Fig.6). It is very interesting
to see that the average scores of group B students were either 1.50-fold or 1.47-fold higher than that of group C
students for exams 1+ 2 and all exams (1+2+3), respectively. The data suggest that improving students’ interests
in learning biochemistry and promoting active learning is very important when teaching biochemistry.
F. REFLECTION ON THE COURSE (TO BE COMPLETED)
Many students thought that 2021 Fall BIOC432 course is a great class. They liked the course materials, teaching
methods, and the instructor for many different reasons. “There were lots of diagram to show different concepts,
as it helps visual learners”. “I like the most about how easy it was to follow the slides and how there are notes
underneath of the slides to caption the figures that were posted”. “I liked most that the teaching methods were
very informative, and it was relatively easy to memorize the concepts.” “I think the instructor does well teaching
and has a good knowledge of biochemistry.” “I like that you are actually passionate about biochemistry and it
makes learning better.”
I will make the following changes to improve the course. 1) I will reorganize the order of lectures because “Some
of the lectures seemed out of order”. For example, I will move lecture 10 - DNA-based technologies after lecture
12 – RNA metabolism (RNA processing). 2) I will have more example problems because many student thought that
“more example problems can be really beneficial for learning”. 3) I will break lectures down into more simplistic
and relatable information would help students learn better. 4) I will ask students to identify areas where they
commonly make mistakes, and I will address the areas in a recitation before exam.
For me, I think that creating a portfolio for my course is important and very helpful. It makes me a better instructor
and makes my teaching more student learning-centric. It help me achieve the objectives listed in the Section B on
page 3. I was very pleased with the course that I redesigned, and I documented course activities and assignments
that will help me or another faculty member to teach the course in the future.
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Appendix I: syllabus

2021 Fall BIOC/BIOS/CHEM 432/832
Biochemistry II: Metabolism and Biological Information
A. Format
Lecture on Tuesdays and Thursdays from 11:00 AM – 12:15 PM in E103 Beadle Center.

B. Instructor
Name: Dr. Xinghui Sun (xsun17@unl.edu)
Office: N158 Beadle Center
Phone: 402-472-8898
Office hours: virtual meeting (Zoom) scheduled by appointments. You can set-up an appointment by email;
when doing so, please include “BIOC/BIOS/CHEM 432/832” in the subject line.

C. Teaching Assistant
Nashaat Majo, nmajo@huskers.unl.edu
Mikah Hoppens, mhoppens2@huskers.unl.edu
Room: TA will assist students through virtual meeting (e.g., Zoom meeting)

D. Course Description, Organization and Requirements
1 . Description: This course is a continuation of BIOC/BIOS/CHEM 431/831. It provides an extensive and
thorough coverage of the anabolic metabolism of biomolecules, the flow of genetic information,
gene expression, signaling transduction, and cellular metabolic pathways.
2. Course prerequisite: BIOC/BIOS/CHEM 431/831 (with a grade of C or better), and BIOS 206 or AGRO
215.
3. Class materials: The course materials and announcements regarding classes and exams are available
through Canvas (https://my.unl.edu).
4. Textbook: There are multiple textbooks that I draw from for lectures. Below are a few I more
commonly use:
a. Biochemistry by Miesfield and McEvoy, Norton, first or second edition.
b. Lehninger Principles of Biochemistry by Nelson and Cox, W.H. Freeman & Co., 2017.
c. Molecular Cell Biology by Lodish et al, W.H. Freeman & Co., 2016.
5. Personal response device (iClicker2). Clicker questions will be integrated in lectures throughout the
semester.
6. Assigned reading: Most lectures are mainly based on textbook materials. You are strongly encouraged
to read indicated chapters PRIOR to the lecture to keep up with its pace. When necessary, additional
readings from other texts are available through Canvas (https://my.unl.edu).
7. Additional online sessions: Two to four online sessions in the semester are voluntary. The purposes are
to emphasize important concepts and address the questions that students have (Just-in-time schedule
will be provided).

E. Course Goals
The objective of this course is to understand and apply knowledge about the following six major themes:
1. Reveal and understand the role of life at atomic, molecular, and cellular levels
2. Study the structure and function of biomolecules and their metabolism and related techniques
3. Learn the discovery, evolution, and application of biochemical knowledge
4. Study and explain how genetic information and environmental factors determine the functions of cells
5. Learn and demonstrate how diseases arise when biochemistry-related homeostasis and function are
impaired
6. Analyze, interpret, critique, and communicate data, ideas, and scientific policy concerning topics at the
forefront of biochemistry

F. Exams, Opportunities to Improve Grades, and Grading
1. Exams: 300 points can be earned in four exams (100 points per exam). Students are required to take
all four tests. Final exam is cumulative, as the nature of the material is cumulative.

Exam Rules: Please turn off all cell phones, PDAs, etc. Please leave coats, books and backpacks at the rear,
sides, or front of the room. Only pencils, pens, erasers, and simple one-line calculators may be taken to your
seat. Graphing calculators are not allowed. Do not take scratch paper to your seat. Each student will be given
the exam with adequate space for answers, and scratch paper. Exams will be given at the assigned times only.
No early or late exams or finals will be given. Exceptions may be granted to students with documented
personal loss or sickness* and if the instructor is contacted before the exam. (*Note that a contact form from
the health center is not an acceptable excuse). Makeup exams may not be available, and the grade may not
be contested, scheduled at the discretion of the professor.
2. Opportunities to improve your grades:
a. Reading primary literature. To encourage reading of primary literature and critical analysis of data,
I assign one to four primary research articles for you to read this semester. We will NOT discuss
these articles in class, and the instructor will not directly answer questions about these articles.
These questions are designed to test your understanding of concepts and ability to apply them to
“non-textbook” problems. You will be provided a primary literature article to read and the bonus
questions will be centered around the article. These will be given as a bonus question in each
Exam, and you could earn extra points by answering the bonus question (maximum 10 bonus points
for the entire semester).
b. Participation in assessments/surveys not part of your regular in-class assessments. This course
is relatively frequently asked to participate in surveys often associated with studies of students
learning. Throughout the semester, you may be asked to participate in a few of those surveys for
which you will get a few extra credit points (maximum 10 points for the entire semester).
c. iClicker questions in class. 0.5 points or 1 point will be given for each question answered. Not more
than 1 point per class each student. Maximum 15 points each student for the entire semester.
d. Homework assignments. Maximum 35 points each student for the entire semester. Homework
assignment includes 3 problem sets and online multiple choice questions.
3. Total points 370
Three exams
300 pts
Homework – three problem sets
25 pts
Turn in before each recitation
Homework – online multiple choice questions
10 pts
Complete before each class
Participation in surveys
10 pts
In-class iClicker questions
15 pts
Bonus questions related to primary literature reading
10 pts
4. Grading: Your final grade depends on total points.
Grades are assigned on the following scale#1:
Grade Percentile#2
Grade Percentile
Grade
Percentile
A+
1.0-7.5
A
7.6-18.0
A18.1-25.5
B+
25.6-35.5
B
35.6-50.5
B50.6-60.0
C+
60.1-75.0
C
75.1-90.0
C- to D90.1-94.9
F
>=95
#1
B or higher is required to get graduate credit for this class. You need a C or higher to pass this class if you
are a Biochemistry major.
#2
How to calculate your percentile: For example, if your total points is ranked 10th out of 43 students from highest
to lowest, your percentile is 23.3 (=10/43*100). If your total points is ranked 3rd out of 43 students from highest
to lowest, your percentile is 7.0 (=3/43*100)

G. Emergency Response
1. Fire Alarm (or other evacuation): In the event of a fire alarm: Gather belongings (Purse, keys,
cellphone, N-Card, etc.) and use the nearest exit to leave the building. Do not use the elevators. After
exiting notify emergency personnel of the location of persons unable to exit the building. Do not return
to building unless told to do so by emergency personnel.

2. Tornado Warning: When sirens sound, move to the lowest interior area of building or designated
shelter. Stay away from windows and stay near an inside wall when possible.
3. Active Shooter
 Evacuate: if there is a safe escape path, leave belongings behind, keep hands visible and follow
police officer instructions.
 Hide out: If evacuation is impossible secure yourself in your space by turning out lights, closing
blinds and barricading doors if possible.
 Take action: As a last resort, and only when your life is in imminent danger, attempt to disrupt
and/or incapacitate the active shooter.
4. UNL Alert: Notifications about serious incidents on campus are sent via text message, email, unl.edu
website, and social media. For more information go to: http://unlalert.unl.edu.
5. Additional Emergency Procedures can be found here: https://emergency.unl.edu/.

H. Special Needs
Services for Students with Disabilities: Students with disabilities are encouraged to contact the instructor for
a confidential discussion of their individual needs for academic accommodation. It is the policy of the
University of Nebraska-Lincoln to provide flexible and individualized accommodation to students with
documented disabilities that may affect their ability to fully participate in course activities or to meet course
requirements. To receive accommodation services, students must be registered with the Services for Students
with Disabilities (SSD) office, 132 Canfield Administration, 472-3787 voice or TTY.
Mental Health: UNL offers a variety of options to students to aid them in dealing with stress and adversity.
Counseling and Psychological & Services (CAPS) is a multidisciplinary team of psychologists and counselors that
works collaboratively with Nebraska students to help them explore their feelings and thoughts and learn helpful
ways to improve their mental, psychological and emotional well‐being when issues arise. CAPS can be reached by
calling 402‐472‐7450. Big Red Resilience & Well‐Being provides one‐on‐one well‐being coaching to any student
who wants to enhance their wellbeing. Trained well‐being coaches help students create and be grateful for
positive experiences, practice resilience and self‐compassion, and find support as they need it. Big Red Resilience
& Well-being (BRRWB) can be reached by calling 402‐472‐8770.

I . Academic Dishonesty
Academic dishonesty including, but not limited to, cheating, falsification, fabrication and plagiarism will not
be tolerated. Every student is expected to follow the University of Nebraska-Lincoln student code of conduct
(https://studentconduct.unl.edu/student-code-conduct). Students found to be disrespectful of the University,
themselves, and their classmates by cheating, falsifying, fabricating, plagiarizing, or other conduct
infringements will be subject to both academic and disciplinary sanctions, as laid out in the code of conduct.

J. Graduate Students
For graduate students in the class, B or higher is required to get graduate credit. In addition, graduate students
are required to write a review paper. As appropriate, the review paper may be waived on a case by case basis.
Content: The topic of choice must integrate the graduate work of the student and the subjects matter taught
in class.
Format: Review papers (including references, tables, and figures) must exceed 5 but not 10 pages. Font size
must be 11 points and margins must be half inch on all four sides. 1.5 line spacing is required between text lines.
A title and a summary (about 200 words) need to be included.
Submission: The assignment need to be submitted two weeks before the last day of the class. Please submit
the review paper to the instructor (xsun17@unl.edu). The file name needs to follow this format “2020-BIOC832your first name and last name”.
Others: The review paper will be graded pass/fail, and no extra credit points will be added to the total score.
But a review paper graded fail will result in a 10-point drop in the total score of the student.

K. COVID-19 Responds
1. Please follow UNL, state and federal guidelines. Face covering is required for in-person class.
2. Stay up to date: check the COVID-19 website (https://covid19.unl.edu/)

Tentative Lecture Schedule
Class #

Day

Date

Chapter

Topic

Module 1: Structure, function, biosynthesis, and metabolism of biomolecules
Lecture 1

Tue

24-Aug

Lecture 2

Thu

26-Aug

16

Mon

30-Aug

Last day to drop a full semester course and receive 100% refund

Lecture 3

Tue

31-Aug

16

Lipid metabolism 2

Lecture 4

Thu

2-Sept

16

Lipid metabolism 3

Fri

3-Sept

Last day to file a drop to remove a full semester course from student’s record

Lecture 5

Tue

7-Sept

17

Amino acid metabolism

Lecture 6

Thu

9-Sept

1 and 3

Nucleotides and nucleic acids

Lecture 7

Tue

14-Sept

18

Nucleotide metabolism

Thu

16-Sept
21-Sept, 11:00am –
12:15pm

EXAM1

Tue

Introduction and review
Lipid metabolism 1

Review session 1 (key concepts and problem set 1)
Lectures 1 - 7

Module 2: The flow of genetic information (DNA replication, RNA transcription, and protein translation)
Lecture 8

Thu

23-Sept

20

DNA replication

Tue

28-Sept

Lecture 9

Thu

30-Sept

Lecture 10

Tue

5-Oct

3

Lecture 11

Thu

7-Oct

21

RNA metabolism - function and synthesis

Lecture 12

Tue

12-Oct

21

RNA metabolism – processing

Lecture 13

Thu

14-Oct

22

Protein metabolism 1

Tue

19-Oct

Fall Semester Break

Lecture 14

Thu

21-Oct

22

Protein metabolism 2

Lecture 15

Tue
Thu

26-Oct
28-Oct

22

Protein metabolism 3

Tue

2-Nov, 11:00am – 12:15pm

EXAM2

Review Exam1
20

DNA damage and repair and recombination
DNA-based technologies

Review session 2 (key concepts and problem set 2)
Lectures 8 - 15

Module 3: Environmental and biological regulation of biochemical output and metabolism
Lecture 16
Lecture 17

Thu

4-Nov

3

Genes, genomics, and chromosomes

Tue

9-Nov

Thu

11-Nov

23

12-Nov

Last day to withdraw from one or more full semester courses for the term

Review Exam 2
Regulation of gene expression 1

Lecture 18

Tue

16-Nov

23

Lecture 19

Thu

18-Nov

23

Lecture 20

Tue

23-Nov

8

Thu

25-Nov

Lecture 21

Tue

30-Nov

8

Cell signaling 2

Lecture 22

Thu

2-Dec

8

Cell signaling 3

Lecture 23

Tue

7-Dec

19

Thu

9-Dec

Review session 3 (key concepts and problem set 3)

Mon

13-Dec, 3:30 – 5:30pm,E103

Lectures 1 – 23 (50% from lectures 16-23)

Final EXAM

Regulation of gene expression 2
Regulation of gene expression 3 (RNA-mediated gene
silencing)
Cell signaling 1

Thanksgiving Holiday

Metabolic integration

Appendix II: student evaluation and comments
The mean of student evaluation is 4.30 ± 0.27 for the 2021 fall class, which is the highest ever since I teach this
course.
Below are some emails and comments from the students in the class.
“I hope you've had a great holiday season and are enjoying the break. I just wanted to say thank you for all your
help this semester in BIOC432! I would not have learned as much as I did without your help, and I wouldn't have
earned an A either! Thank you for being such a great professor and I hope you have a great new year!”
“I hope this email finds you well. I would like to thank you so much for the great semester. I definitely learned a
lot from the material and your explanation. Thank you again for your time and effort in the class, it really made a
lot of difference in my understanding of the material.”
• Interactions with Dr. Sun are very clarifying and helpful
• Interacting with the students to build a diagram during lecture.
• The questions before class are helpful to come with an idea of what we will be talking about.
• Course materials are good.
• Dr. Sun presents the lecture material in a straight forward way and offers students his time if we are unsure
about material. I think he does a great job.
• He's is easy going
• I like the assignments and problem sets
• The clicker questions are helpful to interact more with the class
• Professor Sun helps students participate in class which is helpful in my learning.
• The professor tries to make sure everyone understands the material and he is very knowledgeable about the
subjects
• The most positive learning experience is going through the homework's during class time.
• The professor is passionate about the subject making the class enjoyable.
• Probably when the professor writes on the whiteboard and explains things in depth.
• He tries to get the class to participate and is very honest and straight forward about our questions.
• Dr. Sun helps us apply what we learn to real biochemistry
• Dr. Sun is always available if you need help and have questions during class or outside of class. If students don't
understand a concept in class, he will explain it/go over it until they do.
• I have enjoyed all of the homework assignments. Although challenging, they have allowed me to review the
material in a structured way before the exam.
• Going over the exams after they were taken helped me to understand what I missed and how I should go into
studying for the next exam.
• I feel the lectures cover a good amount of information for what is needed for the tests. Dr. Sun does a good job
of letting you know what it least and most important
• The most positive learning experience in this class was doing the problem sets because that allowed us to apply
our knowledge.
• I learned the most when we reviewed problems and the problem sets in class as it was helpful to see the
professor talk about how to go about solving a problem.
• The encouragement in the class and the positive vibes. It really brought me inspiration in class and motivated
me to come to lecture. I loved how welcoming the environment was and how kind the professor was. I have so
much respect for my professor!
• I enjoyed how almost every class period had a pre-lecture quiz and had clicker questions for them. I felt that it
helped me learn.

